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(54) Organic electroluminescent device 

(57) An organic electroluminescent device has a single hetero structure comprising, on a glass substrate, an ITO 
transparent electrode, a hole transport layer, an electron transport layer and a metal electrode superposed in this order 
wherein a hole-blocking layer containing a bathophenanthroline derivative of the following general fomiula is interposed 
between the hole transport layer and the electron transport layer In this way, the electron-hole-re-combination in the 
hole transporting luminescent layer can be promoted. 



General Formula of Bathophenanthoroline Derivative: 



X Y 




CM 



wherein X and Y may be the same or different and independently represent a hydrogen atom except the case where a 
hydrogen atom is at the 2 or 9 position, a substituted or unsubstituted alkyl group except the case where a methyl group 
^ is at the 2 or 9 position, a substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted aryl group, a sub- 
stituted or unsubstituted amino group, a halogen atom, a nitro group, a cyano group or a hydroxy! group provided that 
^ at least one of these groups is contained at an arbitrary position. 
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Description 



BACKGROUND OF THE INVENTION 



(0001 ] This invention relates to an organic electroluminescent device, which is adapted for use as a display device 
or a light-emitting device such as a spontaneous Hght flat display, especially an organic electroluminescent color display 
using an organic thin film as an electroluminescent layer. 

[0002] In recent years, importance of interfaces between human beings and machines including multimedia-ori- 
ented commercial articles is exalted. For more comfortable and more efficient machine operations, it Is necessary to 
retrieve information from an operated machine without failure simply, instantaneously and in an adequate amount To 
this end, studies have been made on various types of display devices or displays. 

[0003] As machines are now miniaturized, there is an increasing demand, day by day, for miniaturization and thin- 
ning of display devices. For instance, there is an inconceivable development with respect to the miniaturization of lap 
top-type information processors of the all-in-one type such as notebook-size personal computers, notebook-size worxl 
processors and the like. This, in turn, entails a remarkable technical innovation on liquid crystal displays for use as a 
display device for the processor. 

[0004] Nowadays, liquid crystal displays are employed as an interface of a diversity of articles and have wide utility 
In the fields not only of lap top-type information processors, but also of articles for our daily use including small-sized 
television sets, watches, desk-top calculators and the like. 

[0005] These liquid crystal displays have been studied as a key of display devfees. which are used as the interface 
connecting a human being and a machine and cover snnall-slzed to laige capacitance display devices while making use 
of the feature that liquid crystals are low in drive voltage and power consumption. However, liquid crystal displays have 
the problems that they do not rely on spontaneous light and thus need a greater power consumption for back light drive 
than for liquid crystal drive, with the result that a service time is shortened when using a built-in battery, thus placing a 
limitation on their use. Moreover, the liquid crystal display has another problem that it has such a narrow angle of field 
as not to be suitable for use as a large-sized display device. 

[0006] Furthemnore, the liquid crystal display depends on the manner of display using the orientation of liquid crys- 
tal molecules, and this is considered to bring about a serious problem that its contrast changes depending on the ancle 
ven within an angle of field. i- » » 

[0007] From the standpoint of drive systems, an active matrix system, which is one of drive systems has a 
response speed sufficient to deal with a motion picture. However, since a TFT (thin film transistor) drive circuit is used 
a difficulty IS involved in making a large screen size owing to the pixel defects, thus being disadvantageous in view of 
the reduction in cost. 

[0008] In the liquid crystal display, a simple matrix system, whfch is another type of drive system, is not only low in 
cost, but also relatively easy in making a large screen size. However, this system has the problem that its response 
speed is not enough to deal with a motion picture. 

[0009] In contrast, a spontaneous light display device is now under study such as on a plasma display devk:e an 
inorganic electroluminescent device, an organic electroluminescent device and the like. 

[001 0] The plasma display device employs plasma emission in a low pressure gas for display and is suited for the 
purposes of a large size and large capacitance, but has the problem on thinning and costs. In addition, an AC bias of 
high potential is required for Its drive, and thus, the display is not suitable as a portable device. 
[0011] The inorganic electroluminescent device has been put on the market as a green light emission display Like 
the plasma display device, an AC bias drive is essential, for which several hundreds of volts are necessary thus not 
being of practical use. ' 

[001 2] In this connection, however, emission of three primaries including red (R). green (G) and blue (B) necessary 
for color display has been succeeded due to the technical development. Since inorganic materials are used for this pur- 
pose, It has been difficult to control emission wavelengths depending on the molecular design or the like Thus K is 
b lieved that full color display Is difficult. • . » 

[001 3] On the other hand, the electroluminescent phenomenon caused by organic compounds has been long stud- 
ied ever since there was discovered a luminesce|jt or emission phenomenon wherein carrierc are Injected into the sin- 
gle crystal of anthracene capable of emitting a strong fluorescence in the firert part of 1960s. However, such 
fluorescence is low in brightness and monochronous in nature, and the single crystal is used, so that this emission has 
been made as a fundamental investigation of carrier injection into organic materials 

[0014] However, since Tang et al. of Eastman Kodak have made public an organic thin film electroluminescent 
device of a built-up structure having an amorphous luminescent layer capable of realizing low voltage drive and high 
bnghtness emission In 1987, extensive studies have been made, in various fields, on the mission, stability rise in 
brightness, built-up structure, manner of fabrication and the like with respect to the thr e primaries of R. G and B 
[0015] Furthermore, diverse novel materials have been prepared with the aid of the molecular design inherent to 
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an organic material. At present, it starts to conduct extensive studies on applications, to color displays, of organic elec- 
trolunnlnescent devices having excellent characteristic features of DC low voltage drive, thinning, and spontaneous light 
emission and the like. 

[0016] The organic electroluminescent device (which may be sometimes refen-ed to as organic EL device her inaf- 
5 ter) has a film thickness of 1 jim or below. When an electric current is charged to the device, the electric energy is con- 
verted to a light energy thereby causing luminescence to be emitted in the form of a plane. Thus, the device has an ideal 
feature for use as a display device of the spontaneous emission type. 

[0017] Fig. 14 shows an example of a known organic EL device. An organic EL device 10 includes, on a transparent 
substrate 6 (e.g. a glass substrate), an ITO (indium tin oxide) transparent electrode 5, a hole transport layer 4, a lumi- 
10 nescent layer 3. an electron transport layer 2, and a cathode 1 (e.g. an aluminium electrode) fomied in this order, for 
example, by a vacuum deposition method. 

[001 8] A DC voltage 7 is selectively applied between the transparent electrode 5 serving as an anode and the cath- 
ode 1 , so that holes serving as carriers charged from the transparent electrode 5 are moved via the hole transport layer 
4, and electrons charged from the cathode 1 are moved via the electron transport layer 2, thereby causing the re-com- 
IS bination of the electrons-holes. From the site of the re-combination, light 8 with a given wavelength is emitted and can 
be observed from the side of the transparent substrate 6. 

[0019] The luminescent layer 3 may be made of a light-emitting substance such as, for example, anthracene, naph- 
thalene, phenanthrene, pyrene, chrysene, perylene, butadiene, coumarin. acridine, stilbene and the like. This may be 
contained in the electron transport layer 2. 
20 [0020] Fig. 15 shows another example of an organic EL device. In an organte EL device 20, the luminescent layer 
3 is omitted and, instead, such a light-emitting substance as mentioned above is contained in the electron transport 
layer 2, and thus, the organic EL device 20 is so arranged as to emit light 18 having a given wavelength from an inter- 
face between the electron transport layer 2 and the hole transport layer 4. 

[0021] Fig. 16 shows an application of the organic EL device. More particularly, a built-up body of the respective 
25 organic layers (including the hole transport layer 4, and the luminescent layer 3 or the electron transport layer 2) is inter- 
posed between the cathode 1 and the anode 5. These electrodes are, respectively, provided in the form of stripes that 
are intersected in the form of a matrix. In this state, a signal voltage is applied to in time series by means of a luminance 
signal circuit 34 and a shift register-built in control circuit 35 so that light is emitted at a number of Intersected points 
(pixels), respectively. 

30 [0022] Such an arrangement as set out above Is usable not only as a display, but also as an image reproducing 
apparatus. It will be noted that if the striped pattern is provided for the respective colors of R, G and B, there can be 
obtained a full color or a multi-color arrangement. 

[0023] In a display device made of a plurality of pixels using the organic EL device, emitting organic thin film layers 
2, 3 and 4 are usually sandwiched between the transparent electrode 5 and the metal electrode 1 , and emiission occurs 

35 at the side of the transparent electrode 5. 

[0024] The organic EL device set out above still has problems to solve. For instance, upon application of the organic 
EL device to a color display, it is essentially required to stably emit primaries of R, G and B. At the present stage, how- 
ever, there have never been reported, except green light emitting materials, red and blue materials that have stability, 
chromaticfty, brightness and the like enough to apply to displays. 

40 [0025] Especially, with respect to blue emission of good chromaticity, it has now been difficult to obtain stable emis- 
sion owing to the generation of heat from the course of a thermal relaxation procedure involving light emission and the 
presence of singlet oxygen or the like. 

[0026] Moreover, where a dye of high crystallinity is used, an oligomer is produced upon solidification. This leads 
to a longer emission wavelength, with the high possibility that there occurs a phenomenon where even if emission takes 

45 place, it ceases immediately. 

[0027] Many studies have been made on the development of a novel blue light-emitting material. Along with the 
study and development of a novel substance, it is important to obtain stable emission by application of existing materi- 
als. Additionally, the use of a material that has been established to some extent from the standpoint of Its behavior con- 
tributes greatly to the shortage of time in the study and development, thus indicating an index to the development of 

50 materials. 

[0028] For instance, a coumarin-based laser dye with a high fluorescent yield can be applied to as a doping mate- 
rial for improving the color . purity of green emission, and has now been reported as obtaining an emission as a blue 
light-emitting material. This is considered for the following reason: a coumarin-based, short wavelength fluorescent dye 
is usually high in crystallinity in the form of a simple substance and is not suited as a stable blue emission material in 
55 an amorphous form; and at present, an amorphous stable thin film can be obtained according to a co-deposition tech- 
nique. 

[0029] For instance, coumarin 450 has a maximum fluorescent wavelength in the vicinity of 446 nm and a chroma- 
ticity corresponding to blu among R, G and B. However, coumarin has no electron transportability or hole transporta- 
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bility. so that its characteristics as a lumlnescer>t material is apparently poorer in comparison with materials having 
electron or hole transportability. 

[0030] Materials, typical of which are zinc metal complexes, enable one to obtain stabi blue emission by forming 
a blue luminescent layer having electron transportability as a single hetero-type structure. However, when an applied 
voltage is increased in order to obtain a satisfactory brightness, emission predominantly occurs in a region of a good 
spectral luminous efficacy at an emission spectrum in the vicinity of 700 nm. Eventually, there arises the disadvantage 
that the chromaticity of blue emission is shifted and comes close to white emission. 

[0031] Further, the life of an organic electroluminescent device Is generally short, and studies for prolonging the life 
have been extensively made in various fields. 

[0032] However, for practical application as a display. It is preferred that a half-life time from an initial brightness (of 
about 200 cd) is 1 0,000 hours or over. Such an endurance time cannot be obtained yet This presents a serious problem 
to solve in order to put the organic electroluminescent devbes to practical use. 

SUMAMRY OF THE INVENTION 

[0033] An object of the invention is to provide an organic electroluminescent device, which is able to realize blue 
emission of good chromaticity in a high luminous efficiency and high brightness. 

[0034] Another object of the invention is to provide an organic electroluminescent device, which is able to continue 
stable emission over a long time. 

[0035] Under the circumstances in the art, we have made intensive studies on applications of existing materials 
whose natures are well known, thereby causing amorphous thin films capable of emitting luminescence of good chro- 
maticity in high brightness to efficiently emit luminescence. This will lead to considerable shortage of time in study and 
development, to realization of full color arrangements including a color display and also to contribution to the prolonged 
life of the device. 

[0036] More particularly, according to the invention, there is provided an oiganic electroluminescent device of the 
type which comprises an emission region made of an organic compound and is constituted of a built-up body made of 
organic substances and including the emission region, wherein a portion contacting a main emission region contains a 
bathophenanthroline derivative of the general formula 



General Formula: 



X V 




wherein X and Y may be the same or different and independently represent a hydrogen atom except the case where a 
hydrogen atom is at the 2 or 9 position, a substituted or unsubstituted alkyi group except the case where a methyl group 
IS at the 2 or 9 position, a substituted or unsubstituted cycloalkyi group, a substituted or unsubstituted aryl group a sub- 
stituted or unsubstituted amino group, a halogen atom, a nitro group, a cyano group or a hydroxyl group provided that 
at least one of these groups is contained at an arbitrary position. 

[0037] In the electroluminescent device of the Invention, the bathophenanthroline derivative that Is contained in a 
portion contacting the main emission region acts to block the transport of holes, so that emission is obtained through 
I ctron-hole re-combination in a hole transport organte material (I.e. a hole transport layer has such a structure serving 
also as a luminescent layer that is an electron-hole re-comblnation region), so that stable emission of high brightness 
especialV. blue emission, is enabled by low voltage drive. The bathophenanthroline derivative has emission properties' 
Accordingly, there can be obtained not only light emission from the hole transport layer, but also emission from the 
bathophenanthroline derivative. At least one of the above emissions can be obtained. 

[0038] Although fabrication of an organic electroluminescent devfce. and particularly, an amorphous organic elec- 
troluminescent device of the low voltage drive, spontaneous emission and thin type, has been considered to be difficult 
in VI w of Its structure due to the absence of an electron transport material with excellent non-luminous properties the 
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invention can provide an organic electroluminescent device wherein its hole transport layer serves also as a lumines- 
cent layer that is a re-combination region of electrons and holes and which has a device structure of a long life capable 
of continuing stable emission over a long time. 

[0039] More particularly, when an organic lectroluminescent device is so ananged as to comprise a hole transport 
5 lay r as a luminescent layer, stable emission can be obtained in high brightness and high efficiency Especially, this 
becomes more appreciable with respect to blue emission, enabling one to obtain a peak brightness of 1 0,000 cd/m^ or 
over by DC drive and a peal< brightness, calculated as DC. of 55,000 cd/m^ by pulse drive with a duty ratio of 1/100. 
[0040] Aside from the blue emission device, bluish green emission, red or yellow emission via doping, and the con- 
trol in chromaticity by doping are possible. Thus, there can be fabricated an organic electroluminescent-in-blue device 
10 capable of blue emission with an excellent chromaticity In high brightness. Hence, the possibility and shortage in time 
of development of materials, and indices to designs of novel luminescent materials and electron transport material can 
be shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0041] 

Fig. 1 is a schematic sectional view showing an essential part of an organic electroluminescent device according 
to a first embodiment of the invention; 
20 Fig. 2 is a view showing the general fonmula of a bathophenanthroline derivative usable in a hole-blocking layer of 

the organic EL device; 

Fig. 3 is a view showing structural formula 1 of a bathophenanthroline derivative usable in the hole-blocking layer; 
Fig. 4 is a view showing structural formula 2 of a bathophenanthroline derivative usable in the hole-blocking layer; 
Fig. 5 is a view showing structural formula 3 of a bathophenanthroline derivative usable in the hole-blocking layer; 
25 Fig. 6 is a view of a band model schematically showing a built-up structure of the organic EL device of the first 

embodiment; 

Fig. 7 is a schematic sectional view showing a vacuum deposition apparatus used in the first embodiment; 
Fig. 8 is a plan view showing the organic EL device of the embodiment; 

Fig. 9 is a schematic sectional view showing an essential part of an organic EL device according to a second 
30 embodiment of the invention; 

Fig. 1 0 is a schematic sectional view showing an essential part of an organic EL device according to a third embod- 
iment of the invention; 

Fig. 1 1 is a view showing a structural formula of m-MTDATA (i.e. a hole transporting luminescent material) used in 
the third embodiment; 

35 Fig. 12 is a view showing a structural formula of a-NPD (i.e. a hole transporting luminescent materia!) used in the 

third embodiment; 

Fig. 13 is a view showing a structural formula of Alqa (i.e. an electron transport material) used in the third embodi- 
ment; 

Fig. 14 is a schematic sectional view showing an example of a prior-art organic EL device; 
40 Fig. 15 is a schematic sectional view showing an example of another type of prior-art organic EL device; and 

Fig. 1 6 is a schematic perspective view showing an example of further another type of prior-art organic EL device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 [0042] In the electroluminescent device of the invention, the emission region is mainly composed of an organfc hole 
transport layer, and it is prefen-ed that a hole-blocking layer is provided in order to cause the re-combination in the hole 
transport layer. 

[0043] It is also preferred that the hole-blocking layer is provided between the hole transport layer and an electron 
transport layer. 

50 [0044] Moreover, it is preferable that the highest occupied molecular orbital (HOMO) level of the hole-blocking layer 
is not higher than a highest occupied molecular orbital level (HOMO) that is a lower one in energy of the highest occu- 
pied molecular orbital (HOMO) levels of the respective organic layers (especially, the hole transport layer and the elec- 
tron transport layer) in contact with opposite sides of the hole-blocking layer. 

[0045] Moreover, the lowest unoccupied molecular orbital (LUMO) level of the hole-blocking layer should preferably 
55 be not lower than a lowest unoccupied molecular orbital (LUMO) level that is a lower one in energy of the lowest unoc- 
cupied molecular orbital (LUMO) levels of the resp ctive organic layers (especially, th hole transport layer and the 
electron transport layer) built up in contact with opposite sides of the hole-blocking layer and not lower than the lowest 
unoccupied molecular orbital (LUMO) level that is a higher one in energy. 
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iemlld and mav b"!* mL^'t^'T'^"' "^"^ '^'^'"'^'''^ °* ^ non-luminous material with a low fluores- 

cent yield and may be made of a built-up structure including a plurality of layers 

o^Vtn nr.vlTr'; "° "f "^^'f " '"^ °" hole-blocking layer with respect to the kind of material therefor In 

hi I ^ T ,^ °" °' ^" ^''^'P'^^ ^''"^^'^ ^''^ °' ^ efficiency) at the Interface with he 

hole transporting luminescent layer, a non-luminous material with a low fluorescent yield is preferred 

?h 1' , T ^"IIf^'°" !;^^'°" ''^ « *'«"sP°rt material for short wavelength emission 

The materia s usable as the hole-blocking layer should preferabfy include bathophenanthroline deS^ tTof the aen 
eral formula .ndK:ated in Fig. 2. Specific examples include those of Compound Nos 1 to 1 78 irdtoJeXT^ and in^uH 
mg structural formulas 1 to 3 indicated in Figs. 3 to 5. respectively, aftfough not limired to hose men^^d a^^^^^ 

inrerr^rsenra^b^^^^^^^^^^^^^ 

ih?!®' t t T."^ *^«^!°« ^Ij-o"'"^ preferably comprise, on an optically transparent substrate, a transparent electrode the 

To7tr.TnlTT H "T, ^'"""^'"^ ^^^"^P^'^ - hole-blocking layer. anTan organelle 

tron transport layer) and a metal electrode superposed in this order a<io>9«sniceiec 

[00501 The device having such an arrangement as mentioned above is suftable for use as a devtee for color display. 




6 



EP 1 097 981 A2 




BNSDOCID: <EP 1097981 A2_L> 



7 



EP 1 097 981 A2 




Compound No. 16 Compound No. 17 Compound No. 18 
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Me 

Compound No. 2 6 Compound No. 2 9 Compound No. 3 0 
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Compound No. 37 Compound No . 3 8 Compound No. 3 9 



Me 




Compound No . 4 0 Compound No . 4 1 Compound No . 4 2 




Compound No. 4 6 Compound No, 47 Compound No. 4 8 
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Compound No. 5 7 




tert-Bu 



Compound No . 5 9 



II J tert— Bii 
N tert-Bn 
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Compound No^SS 
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tert-Bu 
Compound No. 6 0 
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Compound Mo . 61 
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Compound Ho. 62 
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Compound No. 63 



N tert-Bu 
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Compound No. 64 
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Compound No . 9 3 Compound No . 9 4 




Compound No. 95 Compound No. 96 
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Compound No. 113 Compound No, 114 




compound No . lis Compound No . 116 
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Compound No. X23 Compound No. 124 
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Compound No . 1 5 5 Compound No . 15 6 
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Compound No. 171 Compound No. 172 
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<Firet EmbodimenO 



EL- ^ ^ ^ ^^"""^^ "'^'^"S' view Showing an essential part of an organic EL device capable of emitting 
blue luminescence according to the first embodiment of the invention emining 

wr!^!, f^'* «'"b°''""ent. a transparent electrode, made of ITO (indium tin oxide) or Zn-doped indium oxide is 
orn^ed on a glass substmte 6 by sputtering or vacuum deposition, followed by successively forming a hole Zsportna 
luminescent layer 4a. a hole transporting luminescent layer 4b. a hole-blocking layer 33 contaZg^a baS^^S^^^^^^ 
line derivative of the afore-Indicated general formula, an electron transport layer 2. and a c^thoL S^de 1 in ^ife 

. mad'lX ' '° r"""""^ ^^'^'""'"^ *° '""^ etectrolumlnescent devii (o^a^ EL d^^^^^^^^ 

' made of the amorphous organic thin films. v a ^ ci. uevK,e; ^ i 

Si^lL . ^^'^ 21 has such an arrangement that the hole transport layer 4 serves also as a lumi- 

SSS, Tl fundamental structure is likewise employed in other embodiments described hereinafter 

100551 The featuiB Of the organic EL devtee 21 of this embodiment resides in that the bathophenanthroTne deriva- 
T,^TZ.^l^^\T.V'''"'''°''''- " '^°'«-"°-king layer, between the hole tiBnsport layer 4 an^e e^imn 
transport layer 2, so that the re-combination of electrons-holes is promoted in the hole transport layer 4 at whichSmi 

Land Lder ^""^^"^'"^ ''"'"""P ^'^<^ ^ *e organte EL device of this embodiment in Fig. 1 as a 

[00571 In Rg. 6. the thick lines (L, . Lg) indicated at the cathode 1 made of Al and Ai-Li (aluminium-lithium ) and the 
ITO transparent electrode 5 layer, respectively, mean approximate work functions of the respSe Tetels In Se 
respective, layers between the electrodes, upperthick lines 1,. 1^. I3 and I, and numerical valuesZrStnSe the lot 
St unoccupied molecular orbital (LUMO) levels, and lower thick lines I5. fe. I, and l« and numerical values^ereof Z 
Ta^e Sowf oT.,T"'''''r"'"'f^°*^' ^"^''^^ -P-tive5.?t' Jto b?nj;ed thTtTe L^^^^^^^^ 

mn«, T °^ ^''^"'P'^ ""^y ^''^^'y depending on the types of materials. ^' 

T^LJ^l ^' '^"^ ^ ""^^"Sed from the transparent electrode 5 serving 

as an anode are moved via the hole transport layer 4. On the other hand, electrons e charged from the metal elSrade 

t«„3- ^? "'^ "^V^^^. The electrons-holes are re^^mblne^n ^^^^^ 

transporting luminescent layer, at which luminescence Is emitted. w^mumea in me noie 

[00591 The electrons e charged from the metal electrode 1 serving as a cathode has the tendencv of movlnc towarw 

rhn^i!ill J' . " ^^"^ respective layers in the order of the metal electrode 1 . electron transport layer 

fo06(^? oLT^^h K ? ?^'"^ luminescent layer 4b and hole transporting lumine;cent layer 4a ' 
[00601 On the other hand, the holes h charged from the ITO transparent electrode 6 serving as an anode has the 
tendency of moving toward a higher energy level, and can move to the electron transport layer 2 vte the htaheJ^ iTu^ 

SlrT : i^^f^O) 's to I7 Of the respective layers in the order of the hole tran^^rtlng Smt^nt 
layer 4a. hole transporting luminescent layer 4b and hole-blocking layer 33 nspomng luminescent 

[0061] However, as shown in Rg. 6. the highest occupied molecular oibital (HOMO) level U of the electron transoort 

^ J !f T ^"^'^y ^'9^^^ °«="P'«'* '^^'^'^"'^^ (HOMO) level 1, o the hole-blocklngire S 

^d t... T"' '""fl "'r'"' ' ^""^ '^°'«-"«*ing laye; 33 toXard the eleci^n ranLport^^^^^ 

and thus, they are filled in the hole-blocking layer 33. "oiopon layer ^, 

IhfS , ^''^"ll'f l^'^^ the hole-blocking layer 33 promote the re-combinatlon of electrons-holes at 

EJ!! Ki ""o^' f^^'^'^" °* the hole-blocking layer 33 effectively controls the transport of the holes h in the 

Lt'wS, ' T electron-hole ra-combination in the hole transport layer 4 is efficiency caused Thus 

7. TT- ^""^'^"S**^ ('""^) emitted in the form of light emission mainly from the hole transporting lumlnes 
cent layer 4b. adjoining to the hole-blocking layer 33. of the light-emitting hole transporting luminescent tevera^ 4b 
to which emission from the hole transporting luminescent layer 4a Is added "^P°"'"9 •"'"'nascent layers 4a. 4b. 

ZTsTnTS'Xoi^ZlZ'.T" °" P'^"^ "^P^^**^^ '^y^'^ the electron 

ln^h!^h f K . , transport layer 4 as resulting from the charge of electrons from the cathode electrode 1 
and the charge of holes from the anode electrode 5. Accordingly, in the absence of such a hole-blocking laye 33 as set 
t^n^T; f "T" r°'! «t the interface between the electron transport layer 2 and the hofe 

STn^/embodim! T ""'f r *""' ' "'^"'""^^'^ ^^^^^^^ «'»^e" the h'^e bfocking la^^ 

33 as in this embodinnent « provided, it is enabled to promote blue light emission while permitting the luminesced sub- 
stance-containing hole transport layer 4 as an emission region. permining me luminescent sub- 

[0065] As set out above, the hole-blocking layer 33 is prbvlded to control the transport of the holes h To this end it 
hSSS7:^^Z'"J''''- °-^P'^^-°'-"'-'>*ta. (HOMO) level of the hole-blocking l^e?33 is "t hil^I ha he 
HOMO level that is lower in energy between the HOMO levels of the hole transporting luminescent layer 4b and the 
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electron transport layer 2, and that the lowest unoccupied molecular orbital (LUMO) level of the hole-blocking layer 33 
is not lower than the LUMO level that is lower in energy and is not higher than the LUMO level that is higher in energy, 
between the LUMO levels of the hole transporting luminescent layer 4b and the electron transport layer 2. Thus, the 
invention is not limited to such an arrangement as set out before. 
5 [0066] In the practice of the invention, the energy levels may not always be within such ranges as defined before, 
and the bathophenanthroline compound-containing layer per se may emit light or luminescence. In addition, the hole- 
blocking layer may be made of a built-up structure including a plurality of layers. 

[0067] The hole-blocking layer 33 may be formed of the bathophenanthroline derivative and/or other material, and 
its thickness may be changed within a range permitting its function to be maintained. More particularly, the thickness is 
TO preferably within a range of 1 A to 1,000 A (0.1 nm to 100 nm). If the thickness is too small, the hole blocking ability 
becomes incomplete, so that the re-combination region is liable to extend over the hole transport layer and the electron 
transport layer. On the contrary, when the thickness is too large, light emission may not occur due to the increase in film 
resistance. 

[0068] The organic EL device 21 is made by use of a vacuum deposition apparatus 1 i shown in Fig. 7. The appa- 
15 ratus 1 1 has therein a pair of support means 1 3 fixed below an arm 12. A stage mechanism (not shown) is provided 
between the fixed support means 1 3 so that a transparent glass substrate 6 can be turned down and a mask 22 can be 
set as shown. Below the glass substrate 6 and the mask 22, a shutter 14 supported with a shaft 14a is provided, below 
which a given number of deposition sources 28 are further provided. The deposition sources are heated by means of a 
resistance heating system using an electric power supply 29. For the heating, an EB (electron beam) heating system 
20 may also be used, If necessary. 

[0069] In this apparatus, the mask 22 is for pixels, and the shutter 14 is for deposition materials. The shutter 14 is 
able to rotate about the shaft 14a and has the function of intercepting a deposition stream of a material depending on 
the sublimation temperature of the deposition material. 

[0070] Fig. 8 is a plan view showing a specific example of the organic EL device fabricated by use of the vacuum 
25 deposition apparatus. More particularly, ITO transparent electrodes 5 each with a size of 2 mm x 2 mm are vacuum 
deposited on a glass substrate 6 with a size, L, of 30 mm x 30 mm by means of the vacuurfi deposition apparatus in a 
thickness of about 1 00 nm, followed by vacuum deposition of SiOg 30 over the entire surface thereof and etching in a 
given pixel pattern to fomri a multitude of openings 31 . In this way, the transparent electrodes 5 are, respectively, 
exposed. Thereafter, the respective organic layers 4, 33, 2 and a metal electrode 1 are successively formed through a 
30 deposition mask 22 of Si02 on each 2 mm x 2 mm emission region (pixel) PX. 

[0071] Using the vacuum deposition apparatus 1 1 , a large-sized pixel may be singly formed, aside from the device 
having a multitude of pixels as shown in Fig. 8. 

[0072] In this way, when the organic layer 33 is formed in order to improve the efficiency of the electron-hole re- 
combinations in the emission region, there can be obtained an organic EL device that is stable and high in brightness, 

35 can be driven at a low voltage and has the hole transporting luminescent layer 4. As will be described in more detail, it 
is enabled to obtain a brightness of not smaller than 10,000 cd/m^ by DC drive and a peak brightness, calculated as 
DC, of not smaller than 55,000 cd/m^ by pulse drive at a duty ratio of 1/1 0 with respect to blue light emission. 
[0073] The transparent electrode, organic hole transport layer, organic hole-blocking layer, organic electron trans- 
port layer and metal electrode of the electroluminescent device may, respectively, have a built-up structure made of a 

40 plurality of layers. 

[0074] The respective organic layers of the electroluminescent device may be formed not only by vacuum deposi- 
tion, but also other film-fomning techniques using sublimation or vaporization, or a technique of spin coating, casting or 
the like. 

[0075] The hole transporting luminescent layer of the electroluminescent device may be formed by co-deposition of 
45 a small amount of molecules in order to control emission spectra of the device, and may be. for example, an organic 
thin film containing a small amount of an organic substance such as a perylene derivative, a coumarin derivative or the 
like. 

[0076] Usable hole transport materials include, aside from benzidine or its derivatives, styrylamine or its derivatives 
and triphenylmethane or its derivatives, porphyrin or its derivatives, triazole or its derivatives, imidazole or its deriva- 
50 tives, oxadiazole or its derrvatives, polyarylalkanes or derivatives thereof, phenylenediamine or its derivatives, 
arylamines or derivatives thereof, oxazole or its derivatives, anthracene or its derivatives, fluorenone or its derivatives, 
hydrazone or its derivatives, stilbene or its derivatives, or heterocyclic conjugated monomers, oligomers, polymers and 
the like such as polysilane compounds, vinytearbazole compounds, thiophene compounds, aniline compounds and the 
like. 

55 [0077] More particularly, mention is made of a-naphthylphenyldiamine, porphyrin, metal tetraphenylporphyrins. 
metal naphthalocyanines, 4,4',4"-trimethyltriphenylamine, 4,4',4"-tris(3-methylphenylphenylamino)triphenylamine, 
N,N,N',N'-tetrakis(p-tolyl)-p-phenylenediamine, N,N,N',N'-tetraphenyl-4.4*-diaminobiphenyl. N-phenylcari3azole. 4-di-p- 
tolylaminostilbene. poly(paraphenylenevinylene), poly(thiophenevinylene). poly(2,2'-thienylpyrrole) and the like, 
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atthough not limited thereto. 

nhpn«nthr»'^°''^ Specifically, mention is made, for example, of 8-hydroxyqulnoline aluminium, anthracene naphthalene 

mn«n, P^'^'^"^' ""tadiene. coumarin. acridine. stilbene. or derivatives ftereof 

Srie In^T"''' ''"^^ °' ''^'"'^ e.ect;S;;:sc::;:dev,ce are not 

[^fi nf «„ '^^^o'^^ ™de material should preferably be made of a metal whose work function from a vacuum 
level of an electrode material is small in order to efficiently charge electrons. There mav be used a2de fror^an^nir 

0082^ In o ir^'^^ *r °' '"^'^'^ thereof 

K!fc J T ! * electroluminescence from the side of the anode electrode ITO is used as a 

whSThLtT ^""'^ ^^"^^^^ ^PPe^ring hereinafter. Nevertheless, there may be used e'leSode materials 
wh ch have a great work function from the vacuum level of an anode electrode material and include Tor ex^note o^H' 
ms3r°T.T^°7T''''- ' ""'^ -'^-'"-'n'- -ixture or the like, so as to effidetS charge ho^ ' ' 
tbuSv iH^T T *° ^ 9'^"^ ""^ ''^ "^^^^ °f «n opaque materlai More par- 

=s^ar=^^^^^ 

bSo ferl^^^^^ r'"'""': electroluminescent device of the invention is rabrr^ot onjTor 
display, but also for light source along with its application to other optical use 

I I k!^^* •"■^^"''^ electroluminescent device may be sealed with germanium oxide or the like 

rd^ordrnTvarr ^-^^^^-^ ^ - - or -y rdrir:nie: 



conditions drawn to vacuum. 
(Second Embodiment) 



[0086] ng. 9 is a schematic sectional view showing an essential part of an organic EL device according to » ^^nr„i 
t«i°rfrr.°' ''"'"^ ^ °' ^'"^ embodiment diffei. rom th^of 'r in ?h7the hole 

"js^^r'^""" °" "° ^'-^-'^^ ^ - - t^nspo-rjirr 

(Third Embodiment) 

i°"lgto^^hi°J:r:^^^^^^^ ^" °' - -^-^^ electrolummescent deV^ 

[0088] An organic EL device 23 of this embodiment differs from that of Fig. 1 in that a hole transport laver rservlnn 
ooZ luminescent layeO 4a is fom^d on the ITO transpaJent eJi^deTand t^^^^^^^^ 

portmg luminescent layer is fomied as a single layer, like the second embodiment 
[0089] The invention is described in more detail by way of examples. 

Example 1 

t^eTLicatlon m^fh'^^^^^^^ ^" "^^""^ electroluminescent device 21 in this example is described based on 

'7° *'^"^P^''«"* e'ecf^cle 5 having a film thickness, for example, of about 1 00 nm was formed on a 30 

^ SloTollTc'^r^r "'^'"^ 2 mm X 2 mm emission re^'^^'Cs'^^^ 

ot S1O2 to obtain a cell for making an organic electroluminescent device "«Fos.iion 

?^w«rJ^'^f w (^•l'^"j!:l^<3-methylphenylphenylamino)triphenylamine of the structural formula indicated in 
rS. o oTto^T r °" *^«"=P«^«"* ^te'^'-od^ 5. as a hole transporting luminescent layer 4a at a X^Son 

t^n?nLi„« . • («-naphthylphenyldiamine of the structural fomiula indicated in Fig 12) was formed on the hole 

n p t« n^^ 'ummescent layer 4a. as a hole transporting luminescent layer 4b. by vacuurJ deposftbTfdelskbn ^1 

e^erruct^ut"" ^ ' °' "'^ ^ '-"^P"" ^ Ha^liiigTdrbX 
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[0094] Thereafter, a bathophenanthroline derivative of the general formula indicated in Fig. 2. e.g. an o-nnethylphe- 
nyl-bathophenanthroline (i.e. a bathophenanthroline derivative (of the structural formula 2 indicated in Fig. 4 (Com- 
pound No. 29) attached with a methylphenyl group at the 2 and 9 positions of 2.9-dimethyl-4.7-diphenyl-1,10- 
phenanthroline) was vacuum-deposited on the hole transport layer 4, as a hole-blocking lay r 33, in a thickness of 15 

5 nm (deposition rate: 0.2 to 0.4 nm/second). 

[0095] Subsequently, Alqs (B-hyroxyquinoline aluminium of the structural formula indicated in Fig. 1 3) serving as an 
electron transport layer 2 was deposited on the hole-blocking layer 33 In a thickness of 20 hm, followed by vacuum dep- 
osition of Al-Li (aluminium-lithium alloy with a Li concentration of about 1 moI%) in a thickness of about 0.5 nm and Al 
in a thickness of 200 nm as a cathode electrode 1 , thereby obtaining a blue-emitting organic EL device 21 shown in Rg. 

70 1. 

[0096] The characteristk: properties of the organic EL device made in this example were measured, revealing that 
the maximum emission wavelength (absorption peak) was at about 450 nm and the coordinates on the CIE chromaticity 
coordinates were at (0.15, 0.1 6). Thus, a good blue emission was obtained. 

[0097] It was apparent from the shape of emission spectra that the emission resulted from the hole transporting 
15 luminescent layer 4b (see Fig. 1) made of a-NPD, 

Example 2 

[0098] The organic EL device of Example 2 is described on the basis of its fabrication method. 

20 [0099] With the organic EL device 23 of this example, an about 1 00 nm thick ITO transparent electrode 5 was ini- 
tially formed on a 30 mm x 30 mm glass substrate, followed by masking regions other than 2 mm x 2 mm emission 
regions by vacuum deposition of Si02 to obtain a cell for making an organic electroluminescent device. 
[0100] m-MTDATA (4,4',4"-tris(3-methylphenylphenylamino)triphenylamine of the structural formula indicated in 
Fig. 1 1) was deposited on the ITO transparent electrode 5, as a hole transporting luminescent layer 4a, in vacuum in a 

25 thtekness of 50 nm (deposition rate of 0.2 to 0.4 nm/second) according to a vacuum deposition method, thereby forming 
the hole transporting luminescent layer as a single layer. 

[0101] Next, phenylbathophenanthroiine of the formula indteated in Fig. 3 (i.e. a phenanthroline derivative attached 
with a phenyl group at the 2 and 9 positions of 2,9-dimethyl-4,7-diphenyl-1 ,1 0-phenanthroline) was vacuum-deposited, 
as a hole-blocking layer 33. in a thickness, for example, of 20 nm (deposition rate of 0.2 to 0.4 nm/second). 
30 [0102] Subsequently, Alqs (8-hyroxyquinoline aluminium of the structural formula indicated in Fig. 1 3) serving as an 
electron transport layer 2 was deposited in a thickness of 30 nm, followed by vacuum deposition of Al-Li (aluminium- 
lithium alloy with a Li concentration of about 1 mol%) in a thickness of about 200 nm as a cathode electrode 1, thereby 
obtaining an organic EL device 23 shown in Fig. 10. 

[0103] The characteristic properties of the organic EL device made in this example were measured, revealing that 
35 the maximum emission wavelength (absorption peak) was at 500 nm and the coordinates on the CIE chromaticity coor- 
dinates were at (0.22, 0.35). Thus, a good blue emission was obtained. 
[0104] The brightness at a current density of 100 mA/cm^ was at 2,200 cd/m^. 

Example 3 

40 

[0105] The organic EL device of Example 3 was described based on its fabrication method. 
[0106] For making an organic EL device 23 of this example, an ITO transparent electrode 5 was formed on a 30 mm 
X 30 mm glass substrate 6 in a thickness, for example, of about 1 00 nm, followed by masking regions other than 2 mm 
X 2 mm emission regions by vacuum deposition of Si02 to obtain a cell used to make an organic electroluminescent 
45 device. 

[0107] m-MTDATA (4,4',4"-tris(3-methylphenylphenylamino)triphenylamine of the structural formula indicated in 
Fig. 1 1) was deposited on the ITO transparent electrode 5, as a hole transporting luminescent layer 4a. in vacuum in a 
thickness of 50 nm (deposition rate: 0.2 to 0.4 nnn/second) according to a vacuum deposition method, thereby forming 
the hole transporting luminescent layer as a single layer. 
50 [0108] Next, methylphenylbathophenanthroline of the structural fomnula 2 indicated in Fig. 4 (Compound No. 29) 
(i.e. a phenanthroline derivative attached with an o-methylphenyl group at the 2 and 9 positions of 2,9-dimethyl-4,7- 
diphenyl-1.1 0-phenanthroline) was vacuum-deposited, as a hole-blocking layer 33, in a thickness, for example, of 20 
nm (deposition rate: 0.2 to 0.4 nnn/second). 

[0109] Subsequently, Alqa (8-hyroxyquinoline aluminium of the structural formula indicated in Fig. 13) serving as an 
55 electron transport layer 2 was deposited in a thickness of 30 nm, followed by vacuum deposition of Al-Li (aluminium- 
lithium alloy with a Li concentration of about 1 mol%) in a thickness of about 200 nm as a cathode electrode 1. thereby 
obtaining an organic EL device 23 shown in Fig. 10. 

[0110] The characteristic properties of the organic EL device made in this example were measured, revealing that 
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the maximum emission wavelength (absorption peak) was at 450 nm and the coordinates on the CIE chromatlcity coor- 
dinates were at (0. 1 7. 0.1 5). Thus, a good blue emission was obtained. 
[01 1 1 ] Th brightness at a current density of 1 00 mA/cm^ was at 1 , 1 00 cd/m^. 

s Example 4 

[0112] The organic EL device of Example 4 is described on the basis of its fabrication method 
10113] Wrth the organic EL device 23 of this example, an about 1 00 nm thick (TO transparent electrode 5 was ini- 
tially fomried on a 30 mm x 30 mm glass substrate 6. followed by masking regions other than 2 mm x 2 mm emission 
regions by vacuum deposition of SiOg to obtain a cell for making an organic electroluminescent devtee 
[0114 m-NTDATA (4,4',4"-tris(3-methylphenylphenylamino)triphenylamine of the structural formula indicated In 
Fig. 1 1 ) was deposrted on the ITO transparent electrode 5. as a hole transporting luminescent layer 4a. in vacuum in a 
thickness of 50 nm (deposition rate of 0.2 to 0.4 nm/second) according to a vacuum depositfon method, thereby forming 
the hole transporting luminescent layer as a single layer. 

[0115] Next, dimethylphenylbathophenanthroline of the structural formula 3 indicated in Fig. 5 (i.e. a phenanthroline 
derivative attached with an o-dimethylphenyl group at the 2 and 9 positions of 2.9-dimethyl-4.7.dfphenyl-1 .10-phenan- 
"?4T,^secon'S"''^''°''*^''' ^ '^y^-" ^' « ^^"^l*"^^- «''«'"P'«. 20 nm (deposition rate of 

[0116] Subsequently. Alqg (8-hyroxyquinollne aluminium of the structural formula indicated in Fig. 1 3) serving as an 
f^""" . "^"^^k"^ ?y^' ^ deposhed in a thickness of 30 nm. followed by vacuum deposition of Al-Li (aluminium- 
lithium alloy with a Li concentration of about 1 mol%) in a thickness of about 200 nm as a cathode electrode 1 thereby 
obtaining an oiganic EL device 23 shown in Fig. 10. 

[0117] The characteristic properties of the organic EL device made in this example were measured, revealing that 
the maximum enriission wavelength (absorption peak) was at 440 nm and the coordinates on the CIE chromatlcity coor- 
ss dinates were at (0.1 6. 0.15). Thus, a good blue emission was obtained. ^ 
[0118] The brightness at a current density of 1 00 mA/cm^ was at 1 .030 cd/m^. 

[0119] As will be apparent from the above examples, the organic EL devices' obtained in Examples 1 to 4 of the 
invention respectively, have the bathophenanthroline derivative-containing hole-blocking layer 33 interposed between 
the hole transporting uminescent layer 4a and/or 4b and the electron transport 2. Accordingly, the electron-hole re- 
cornbination in the ho e transport layer becomes satisfactory and can serve as a luminescent layer, thereby ensuring 
stable emission in a high efficiency. ' • / a 

[0120] Not only blue emission, but also bluish green emission was possible, along With red emission through doping 
and control in chromatlcity by doping. ^ " 

[0121] As will be apparent from these examples, even though existing materials are used, an organic EL device that 
has excellent chromatlcity and ensures blue emission in high brightness can be made. Thus, a great possibility and 
shortage in time can be realized with respect to the development of materials for the device. In addition, it is believed 
r™,^^® examples indicate indices to the design of novel luminescent materials and electron transport materials 
[0122 Once again, in the practice of the invention, a bathophenanthroline derivative of the afore-indicated general 
fomiula IS coritained ,n a portion contacting a main emission region (especially, a bathophenanthroline derivative-con- 
taining hole-blocking layer is interposed between a hole transporting luminescent layer and an electron transport layer) 
According^, using an organic electroluminescent device comprising a hole transport layer serving as a lumlnesceni 
ayer ttia has been considered difficult in realizing such an arrangement due to the absence of non-Fuminescent excel- 
ent lectron transport materials, stable emission of a high brightness can be obtained in a high efficiency This is par- 

TrlSl^l^'i '""^ " P"^^''"^ '° ""t^'" « P^^K brightness of not lower than 1 0.000 

^ ^ P®^" ''"9^^"^^ °* 'ower than 55.000 cd/m^. calculated as DC. by pulse drive at a duty 

ratio ot 1/100. ' 

Claims 

1. An organic electroluminescent device of the type which comprises an emission region made of an organic com- 
pound and IS constituted of a built-up body made of organic substances and including the emission region wherein 
a portion contacting a main emission region contains a bathophenanthroline derivative of the general formula 
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General Formula: 




IS 

wherein X and Y may be the sanne or different and independently represent a hydrogen atom except the case 
where a hydrogen atom is at the 2 or 9 position, a substituted or unsubstituted all<yl group except the case where 
a methyl group is at the 2 or 9 position, a substituted or unsubstituted cycloalkyi group, a substituted or unsubsti- 
tuted aryl group, a substituted or unsubstituted amino group, a halogen atom, a nitro group, a cyano group or a 
20 hydroxy! group provided that at least one of these groups is contained at an arbitrary position. 

2. An organic electroluminescent device according to Claim 1, wherein emission is obtained through recombination 
of electrons and holes in a hole transport organic material. 

25 3- An organic electroluminescent device according to Claim 1. wherein emission is obtained through recombination 
of electrons and holes in a hole transport organic material and wherein in order to cause the re-combination in a 
hole transport layer, there is provided a hole-biocking layer containing said bathophenanthroline derivative. 

4. An organic electroluminescent device according to Claim 3, wherein said hole-blocking layer is provided between 
30 said hole transport layer and an electron transport layer in said built-up body. 

5. An organic electroluminescent device according to Claim 3, wherein said hole-blocking layer has a highest occu- 
pied molecular orbital (HOMO) level not higher than a highest occupied molecular orbital (HOMO) level that is lower 
in energy between the highest occupied molecular orbital levels of the respective organic layers built-up in contact 

35 with opposite sides of said hole-blocking layer. 

6. An organic electroluminescent device according to Claim 3, wherein said hole-blocking layer has a lowest unoccu- 
pied molecular orbital (LUMO) level not lower than a lowest unoccupied molecular orbital (LUMO) level that is lower 
in energy between the lowest unoccupied molecular orbital levels of the respective organic layers built-up in contact 

40 with opposite sides of said hole-blocking layer and is not higher than the other higher lowest unoccupied molecular 
orbital (LUMO) level. 

7. An organic electroluminescent device according to Claim 1 , wherein said bathophenanthroline derivative functions 
as a luminescent material. 

45 

8. An organic electroluminescent device according to Claim 1, wherein said device comprises, on an optically trans- 
parent substrate, a transparent electrode, said built-up body and a metal electrode superposed in this order. 

9. An organic electroluminescent device according to Claim 8, wherein said device is arranged for a color display. 

50 
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GENERAL FORMULA OF 

BATHOPHENANTHOROLINE 
derivative: 
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F 1 G. 3 

STRUCTURAL FORMULA 1 
(COMPOUND NO. 28) : 




F I G.4 

STRUCTURAL FORMULA 2 
(COMPOUND NO. 29 ) : 




F I G.5 

STRUCTURAL FORMULA 3 
(COMPOUND NO. 32 ) : 
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(54) Organic electroluminescent device 

(57) An organic electroluminescent device has a 
single hetero structure comprising, on a glass substrate, 
an ITO transparent electrode, a hole transport layer, an 
electron transport layer and a metal electrode super- 
posed in this order wherein a hoIe-blocl<ing layer con- 
taining a bathophenanthroline derivative of the following 
general formula is interposed between the hole trans- 
port layer and the electron transport layer. In this way, 
the electron-hole-re-combination in the hole transport- 
ing luminescent layer can be promoted. 
General Formula of Bathophenanthoroline Derivative: 



wherein X and Y may be the same or different and in- 
dependently represent a hydrogen atom except the 
case where a hydrogen atom is at the 2 or 9 position, a 
substituted or unsubstituted alkyi group except the case 
where a methyl group is at the 2 or 9 position, a substi- 
tuted or unsubstituted cycloalkyi group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted 
amino group, a halogen atom, a nitro group, a cyano 
group or a hydroxyl group provided that at least one of 
these groups is contained at an arbitrary position. 
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